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SUMMARY
Digital Agricultural Technology (AgTech) can now harness so much more 
and so many more different types of data than was possible just a few dozen 
months ago. Today, near-real time, plot-level data generated from satellites or 
drones, the Internet of Things, social media, crowd sourcing,  and in-the-field 
generated crop or pathogen genome, among many more types of data, are 
now accessible by an early adopter. All this data can feed big data, artificial 
intelligence, and machine learning analyses. 
This environment is indeed a fundamentally different ecosystem and a new 
paradigm that policy makers, donors, farmers and herders, product sellers 
and buyers, and other members of the food system can live in. Based on 75 
structured interviews and focus group discussions with key Kenyan AgTech 
data consumers, this research looks at the current Kenya AgTech ecosystem 
from a data perspective: what data do ecosystem members have, have not, 
and what data do they want?  
The findings show that there is widespread, but thin, use of AgTech technology; 
that there is little reliable, usable data; and what data there is often fragmented 
and based on one-off efforts. The latter type of data is also often not longitudinally 
reliable enough for consistent use, especially farmer level data. These issues 
likely lead to a lack of trust in data, especially third-party generated data. 
The report concludes with four themes that emerged as solution paths that 
respondents said had to be developed for a more effective future ecosystem: 
(1) Who will pay for data? (2) How can useful and accessible data be made more 
cost effective? (3) How to manage recurring challenges to collect regular, timely 
data? (4) How can enough trust among ecosystem members be created so 
that they will share their data?
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Introduction
How has digital agricultural technology (AgTech) developed in emerging markets? What 
are the challenges it currently faces and some potential solution paths to addressing these 
challenges? Within this broad focus, our report looks at creating a business model for an 
agricultural data ecosystem to support smallholder farmers and develop how they grow 
their crops or tend their livestock.
Although AgTech exists and is  happening  it is in limited use, much more needs to be 
learned about how to both leverage and shape it for agricultural research for international 
development and what roles the different actors – particularly public good actors like CGIAR 
– should play in driving digitization towards delivering greater benefits for smallholders and 
the overall international development of the sector.
AgTech1 started in the early 2000s in emerging markets with the roll out of mobile 
networks. It offered relatively simple services such as price data and crop or livestock tips. 
Mark Davies, founder of AgTech start up eSoko noted that “[W]hen we started years ago, 
we thought that if we could just deliver prices to farmers, we’d have succeeded. And we 
did do that, but along the way we learned lessons—and changed our business model time 
and time again.”2  
The challenges AgTech faced included: illiteracy, multiple languages spoken, lack of 
familiarity with technology, low income and uneven mobile coverage.3 The need to secure 
a critical mass of users and establish a business model was, to some degree, softened by 
the availability of international donor funding.
AgTech started to change in the mid- 2010s with the arrival of cheap smartphones, cheaper 
data, wider data coverage, and the wider uptake of mobile money services. These changes 
enabled a greater sharing of farm-related content beyond the use of text messages and 
1 Using technology to support agricultural activities.
2 Empowering Low-Income Farmers with Real-Time Market Data.  Raghav Narsalay, Ryan T. Coffey, J. Adetunji Adegbesan and 
 Femi Giwa. Accenture, 2012.
3 One of the factors focused on in this recent report: Future of Food, Harnessing Digital Technologies to Improve Food System 
 Outcomes, World Bank, July 2019
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offered new avenues for service development through mobile money transfers. Financial services such as 
loans, crop insurance, and subsidy payments could now be delivered relatively easily to farmers.
A more developed version of Agtech is being born out of changes in agricultural data availability. 
Advances in technology have changed the data that can be gathered and the speed with which it can 
be gathered. Satellite providers in both the public and private sectors are now obtaining high-resolution 
field information that can, for example, measure water levels in soil among many other things. These 
same satellites can provide near real-time weather data. Hovering above fields, drones can provide even 
more detail on what’s happening in individual plots. Inexpensive Internet of Things sensors can provide 
information directly from within the field itself. Overall, the cost of data for agriculture from the sources 
previously described is decreasing.
The huge amount of data that is now potentially available can be analyzed using techniques such as 
machine learning and artificial intelligence to separate “signal from noise.” The results can be anything 
from insights about climate change to more specific information such as identifying crop pests from 
photos taken on a smartphone that can be matched against a database of photographs of pests. 
After a fuller review of the different early stages of AgTech, this report presents a high level assessment 
of challenges for the current stage of AgTech (see Section 5). To do this, this we examine a piece of work 
carried out by CGIAR’s Platform for Agriculture in 2018: a survey of people involved in the agricultural data 
ecosystem in Kenya.4 
It is still difficult to see what the enabling data ecosystem for agriculture in developing countries may look 
like, but it cannot be assumed that it will resemble the data ecosystem in developing countries, although 
parts of it might. Therefore, the reports looks at East Africa to see if it is possible to extract some larger 
lessons about demand, roles, and responsibilities.
The survey used the concept of the food system5 and particular entry points (e.g. production, distribution, 
consumption) as a framework for the methodology. This framework helped us identify categories 
of interviewees for the survey that included members of an organic farming network and someone 
in government responsible for nutrition. The food system framework is particularly important as a 
credible way of identifying the features of an enabling data ecosystem. This fits with one of CGIAR’s 
overall objectives: linking overall trends to specific enablers for agricultural development in developing 
economies, specifically eastern Africa.
The Kenya survey looked at data users in the agricultural sector and asked them about the factors 
inhibiting the wider use of data by farmers, what solutions might create better use, and the types of data 
that might drive wider adoption. Respondents were surveyed either face-to-face or by phone. A smaller 
group of those surveyed were invited to a focus group for an in-depth discussion of the issues raised. The 
survey focused on those individuals funding data gathering, purchasing data, and/or collecting and using 
data in the agricultural sector.
The broad categories of those surveyed included: policy people; researchers (mainly commercial 
researchers); market channels (analog and digital); crop growers and livestock rearers. They included 
everyone from a seed company chief executive officer who believed face-to-face contact was most 
effective way to give and get data to a start-up founder about to begin using machine-learning tools to 
handle unstructured data.
4 Russell Southwood and Kelvin Wong. A Survey of Data Users in the Kenyan Food System.  Working Paper, March 21, 2019. 
5 See: https://www.futurelearn.com/courses/food-systems-southeast-asia/1/steps/107660
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The report has five sections that are as follows:
1. How it all started – AgTech V1.0: Information + mobile = Better prices
2. AgTech V2.0 – How it began to change
3. AgTech V3.0 – An era of plentiful data with a need to separate “signal from noise”
4. Current realities - What AgTech V3 looks like in the Kenya context
 4.1  Farming in Kenya – Mixed improvements and aging farmers
 4.2  Kenyans’ access to technology – a wide spread but thin use
 4.3 Kenyan farmers’ attitudes to agricultural data – how they access it and 
  what they want
 4.4 Kenya’s AgTech Start-Ups and funders– Issues of fragmentation and 
  distrust of sharing
5. Building an AgTech V3.0 data ecosystem
 5.1  What’s needed for an ecosystem to function?
 5.2 Who will pay for data?
 5.3 How to make data cost effective?
 5.4 Managing the recurring challenge
 5.5 How do you create enough trust to share data?
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Definitions 
Artificial Intelligence: The theory and development of computer systems able to perform tasks normally 
requiring human intelligence, such as visual perception, speech recognition, decision-making, and 
translation between languages.
Big Data: Extremely large data sets that may be analyzed computationally to reveal patterns, trends, and 
associations, especially relating to human behavior and interactions. CGIAR “loosely define(s) big data as 
harmonized, interoperable, and contextually integrated datasets and publications from multiple disciplines 
relevant for CGIAR’s research and development goals.”6 
Food system: A complex web of activities involving the production, processing, transport, and consumption 
of food. Issues concerning the food system include the governance and economics of food production, its 
sustainability, the degree to which we waste food, how food production affects the natural environment, 
and the impact of food on individual and population health.
Internet of Things:  Also known as the Internet of Everything (IoE), the Internet of Things consists of all 
the web-enabled devices that collect, send, and act on data acquired from the surrounding environment 
using embedded sensors, processors, and communication hardware. Some early pilot programs have used 
sensors to collect data at the field level.
Machine learning: Machine learning is an application of artificial intelligence (AI) that provides systems 
with the ability to automatically learn and improve from experience without being explicitly programmed. 
Machine learning focuses on the development of computer programs that can access data and use it to 
learn independently.
Open Data: Data that can be freely used, shared, and built on by anyone, anywhere, for any purpose.
Precision Agriculture: A farm-management concept based on observing, measuring, and responding to 
inter- and intra-field variability in crops.
Value chain: A set of activities that a firm operating in a specific industry performs in order to deliver a 
valuable product (i.e., goods and/or services) to the market. The concept originated in the business 
management sphere and was first described by Michael Porter in Competitive Advantage: Creating and 
Sustaining Superior Performance.
Unstructured Supplementary Service Data (USSD): A Global System for Mobile (GSM) communication 
technology used to send text between a mobile phone and an application program in a network.
6 CGIAR Big Data Coordination Platform - Leveraging CGIAR data: Bringing big data to agriculture, and agriculture to big data, March 2016
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BOX 1: DIFFERENT VERSIONS OF AGTECH (V1.0-V3.0) – WHY DEFINITIONS ARE IMPORTANT
AgTech V1.0 started in 2000 and was based on using SMS and USSD menus on basic phones to send 150 
character messages to (smallholder) farmers. Interactive Voice Response (IVR) services were later added to 
aid in overcoming literacy challenges amongst those being targeted.
AgTech V2.0 started in the mid-2010s with the arrival of cheap smartphones, cheaper data, wider data 
coverage, and greater consumer use of mobile money services. These changes enabled the wider sharing 
of farm-related content beyond text messages and offered new avenues for the development of services 
through mobile money transfers. Financial services such as loans, crop insurance, and subsidy payments 
could now be delivered to farmers relatively easily.
AgTech V3.0 started in the late 2010s with a much wider range of new, lower-cost, high-resolution 
data from satellites, drones, and IoT sensors at field and plot level. The huge amount of data that is now 
potentially available can be analyzed using techniques such as machine learning and artificial intelligence 
to separate “signal from noise.” The results can be anything from insights about climate change to more 
specific information, such as identifying crop pests from photos taken on a smartphone that can be 
matched against a database of pest photographs. 
These three versions of AgTech are not mutually exclusive, but this categorization should provide readers 
with a helpful means of understanding the evolution and future potential of AgTech.
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7 There is extensive literature on the analog Management Information Systems (MIS) that preceded these ICT-supported-systems. Selected articles 
 on this topic are provided in Appendix 1.
8 “When we started years ago, we thought that if we could just deliver prices to farmers, we’d have succeeded. And we did do that, but along the 
 way we learned lessons—and changed our business model time and time again…”  Mark Davies, Founder, eSoko in eSoko: Empowering low-income 
 farmers with real-time market data,  Raghav Narsalay, Ryan T. Coffey, J. Adetunji Adegbesan and Femi Giwa, Accenture, 2012.  The white paper also 
 contains a review of what was then the most current literature.
9 One positive review: Farmer Bargaining Power and Market Information Services, Pierre Courtois and Julie Subervie, 2013. An example of a less 
 positive, more nuanced view: World Development Mobile Phones and Farmers’ Marketing Decisions in Ethiopia, World Development, 
 Volume 68, April 2015, https://www.sciencedirect.com/science/article/pii/S0305750X14004082
10 Basic phone = voice and SMS. 
11 One of the factors focused on in this recent report: Future of Food, Harnessing Digital Technologies to Improve Food System Outcomes, World 
 Bank, July 2019.
The first AgTech application came to market in 2001, with Manobi launching its agricultural information 
system in Senegal.7 There do not appear to be any earlier product launches in either Asia or Latin America. 
A wave of African-based pioneers followed, releasing products between 2002 and 2004, of which one 
example would be eSoko (then named TradeNet), which started in Ghana. 
First generation AgTech applications were based on a simple and persuasive assumption. If you gave 
individual farmers timely information about the market sale price of their crops, this would enable them 
to  get better prices for what they had grown: better information would allow them to take more effective 
advantage of the market since they would know prices at their nearby markets.8 In the early years, some 
evidence was produced showing this impact had been achieved, but it was not always sustained.9
The second strand of information provided by these early agtech apps to farmers was about how to improve 
the growing of their crops. These types of applications were designed to deliver farming information more 
effectively, often alongside or in parallel to the analog, government-run, agricultural extension services.
Nearly all these early services described themselves as “pilots” and, for several years, they rarely reached 
more than 10,000 farmers in any one country. The services were limited by the means of delivery. Although 
many services had web pages, the key delivery tool was nearly always a basic phone10 using USSD menus. 
The limit on characters in an SMS message severely limited the information that could be communicated. 
There were also a range of barriers that prevented the uptake of SMS-based services including: literacy, the 
language someone is most comfortable speaking and reading, lack of familiarity with technology, income, 
and lack of mobile coverage.11  
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12 This has enabled the wider sharing of farm-related content: for example, the Kenya Dairy Farmers Forum on Facebook has 104,000 members and around 
 10 posts a day.
13 A 2017 World Bank study of startups in Kenya found that by 2015 all  startups had shifted to a B2B model.  Do mLabs Still Make a Difference? A Second 
 Assessment.  The World Bank Group, Washington, DC.  July 2017.
AgTech V2.0 started in the mid-2010s with the arrival of cheap smartphones, cheaper data, wider data 
coverage, and greater consumer use of mobile money services. These changes enabled the wider sharing 
of farm-related content beyond text messages12 and offered new avenues for the development of services 
through mobile money transfers. Financial services such as loans, crop insurance, and subsidy payments 
could now be delivered to farmers relatively easily.
With respect to business models there was a shift from services aimed at individual farmers to transactions 
at all points along the value chain. The intended user might as easily be a warehouse owner, an informal 
retail outlet, or a large agricultural buyer.13 Arguably this shift reflected a growing understanding of how 
food moves from “field to table.” 
As a result, both the number of farmers reached and the scope of agricultural applications increased. A 
CTA report shows the global increase in the number of solutions being actively used between 2012 to 2018, 
as seen in Fig. 1, has grown from 42 to 390 and the proportion of farmers using agricultural applications in 
Africa has grown at a rate of roughly 44% per year, with about 33 million registered users in 2018. Only 15 
to 30% of these users can be described as active based on these self-reported figures. A small number of 
agricultural applications services now reach some 1 million plus registered users. The top 20 solutions, each 
with more than 400,000 registered users, account for 78% of total reach. 
More than half of the solutions surveyed in the CTA report were created by companies headquartered in 
East Africa and nearly two-thirds of the registered farmers using these applications across all solutions are 
based in East Africa, with Kenya leading the way. This makes CGIAR’s choice of Kenya as a location for a 
survey case study very relevant as it is in the heart of AgTech change in Sub-Saharan Africa.
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A remaining challenge for AgTech V2.0 is that many smallholder farmers live in remote areas where mobile 
coverage is still weak or absent. Also, having access to digital money on a phone is only useful if the user 
is able to convert it into cash. More often than not, local merchants do not accept digital mobile money 
payments.14 
But critical factors for adoption are not just technology availability, but widespread consumer behaviorial 
changes that can lead to a critical mass of users. It has taken Kenya’s mobile money service, mPesa, 12 years 
to go from 1 million users at launch in 2007 to 33.4 million users in 2018. Even with a service that was as 
obviously as useful as mPesa, it has taken more than a decade to reach critical mass and for a supporting 
ecosystem to be developed. AgTech applications are now nearly two decades old and have experienced 
a slower rate of adoption in Sub-Saharan Africa and in other emerging markets for the reasons previously 
outlined.
A critical mass occurs when there are enough people to make future growth of a technology or application 
self-sustaining: put simply, one farmer tells another that he or she cannot live without some kind of digital 
service. If the service is focused on delivering agricultural data, this must be information that the farmer will 
say he or she must have. Most AgTech services have not yet quite reached that point.
The scale of investment outside Africa in AgTech V2.0 indicates that investors are feeling more confident that 
they will get a return on AgTech ventures, but there is still a long road to travel before clear and successful 
business models emerge.
FIGURE 1. Growth in active AgTech applications. CTA Report
14 The experience of Cellulant’s e-wallet in Nigeria, for example, suggests that farmers prefer to cash out immediately rather than hold their money in a 
 mobile wallet. In other words, most existing mobile money activity is essentially analog cash transfers rather than digital payments.
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BOX 2: CHALLENGE: INNOVATING AT FARM SCALE FOR SMALLER FARMERS?
CGIAR’s Platform for Agriculture focuses its attention on smallholder farmers who are much less likely to be 
able to implement emerging concepts and technologies such as precision agriculture and agribots. Some 
crops are easily grown on smallholdings in relatively economically effective ways, but others need to be 
cultivated on a larger scale to be effective.
However, it seems unusual that while the smallholder farmer is expected to become a great deal more 
technologically literate and to innovate in how he or she grows crops, no one is talking about innovations 
that might be made around crop productivity and plot size. 
The alternative to small plot farming is not factory farming, and there are many different ways of scaling up 
the growing of crops that do not involve only industrial scale, mechanized farming. What innovations might 
be supported that combine increasing plot sizes and sustainable farming? What approaches might increase 
the financial effectiveness of small-scale farming without needing industrial-scale farming?
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Advances in technology have changed the data that can be collected and how quickly it can be gathered. 
AgTech V3.0 is the result of these changes.15 Satellite providers in both the public and private sectors are now 
collecting high-resolution field information that can, for example, measure water levels, crop types, acreage 
under cultivation, and crop health among many other things. These same satellites can provide near real-
time weather data. Hovering above fields, drones can provide even more detail on what’s happening in 
individual plots. Inexpensive Internet of Things sensors can provide information directly from within the 
field itself. The information collected covers many data points (including soil, humidity, moisture, light, and 
air temperature) and is available more quickly than in the past.
The huge amount of data that is now potentially available can be analyzed using techniques such as 
machine learning and artificial intelligence to separate “signal from noise.” The results can be anything from 
insights about climate change to more specific information, such as identifying crop pests from photos 
taken on a smartphone that can be matched against a database of pest photographs. 
A significant number of respondents in the Kenya survey were looking for the kind of “fine grain” data 
that AgTech V3.0 has the potential to deliver. They focused on data quality and reliability. Often, different 
agricultural data sources were contradictory, meaning that the data to which they had access was not really 
trustworthy or useful for wider use. The issues of interoperability between data sets was stressed and the 
enabling mechanism for that interoperability -- common data collection standards.
15 Andy Jarvis, CIAT on the 4 things making Big Data in agriculture possible in Africa: https://www.youtube.com/watch?v=7xcgAS4ozAE
FIGURE 2. Interview quote from a Kenyan start-up
Accurate, real-time 
information (for farmers) 
to make business 
decisions
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How AgTech V3.0 may evolve can be illustrated using its antecedent: the concept of Precision Agriculture.16 
Precision Agriculture originally focused on soil-specific crop management and analog data gathering of 
metrics such as yield measurements. The idea of Precision Agriculture began to take on a second wind with 
the addition of field level data-gathering technologies (and associated techniques) previously discussed. 
How this type of smart farming could be implemented in developed countries is shown in Fig. 3.
16 Originating with Pierre Roberts’ work on soil-specific crop management in the early 1980s, the concept of precision agriculture was first formulated in 
 1991. The first international conference on precision agriculture took place in 1998.
FIGURE 3. The developed world vision of precision agriculture + 
Source: Nesta
These two sets of changes – technological developments and the concepts of precision agriculture -- 
began to merge with the evolution of AgTech V2.0 in developing countries. In data terms, this iteration of 
agricultural technologies were no longer solely about price and crop growing information, but included a 
whole range of different data that might be used to help the farmer. 
Those innovating in the field began to draw on ideas being used in one context – the developed world -- 
and tried to re-imagine it for very different agricultural landscapes. The challenge CGIAR has set itself is to 
create an effective and sustainable data ecosystem that can rebalance access to and use of data to help 
smallholder farmers overcome a range of inequalities.
This same change will take place within Agtech V2.0’s five broad categories: advisory services (helping 
farmers improve what they do), market linkages (improving how the value chain operates), supply chain 
management, financial access, and agricultural intelligence. CGIAR’s Big Data in Agriculture initiative clearly 
falls into the last category and this has been the starting point for its own engagement with the emerging 
AgTech V3.0 ecosystem. 
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Some of the complexity in the AgTech V2.0 to AgTech V3.0 transition and the way in which the number of 
domains of activity has increased is illustrated in Figure 4.17 
FIGURE 4. The developed world vision of precision agriculture + 
Source: Nesta
17 Excluding indoor crop growing such as hydroponics.
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BOX 3: CHALLENGE: UNDERSTANDING AND USING ARTIFICIAL INTELLIGENCE,  
BIG DATA AND MACHINE LEARNING
Survey participants in the Kenyan agricultural data ecosystem were asked how they defined the terms 
Artificial Intelligence, Big Data, and Machine Learning. The questions were aimed at identifying whether the 
respondents had a basic understanding of these three key terms. The possible responses were: Familiar, 
Somewhat Familiar, and Not Familiar.
For Big Data, 84% were Familiar or Somewhat Familiar with the term and 17% were Not Familiar. For 
Artificial Intelligence, 70% were Familiar or Somewhat Familiar and 31% were Not Familiar. For Machine 
Learning, 66% were Familiar or Somewhat Familiar and 34% were Not Familiar.18 
In the case of the first two terms, respondents were helped by the fact that the terms themselves gave 
clues as to the meaning. Beyond having a basic understanding of the term, knowledge was thin and nearly 
always not based on a respondent’s direct experience in working in any of these areas.19  
Respondents were asked whether they had the skills, knowledge, and ability to work with Big Data and 
real-time data: 68% of respondents said “No” and 22% said “Yes” or “Mostly Yes.” 
Will the pool of skills needed to work with Big Data develop organically among start-ups and the agricultural 
sector or will it be necessary to have a skills-based program to address this shortfall?
A number of organizations discussed how difficult it is to find job candidates with data science skills and, 
of those with those skills, they understandably, did not have a wide breadth of experience. On a more 
positive note, some organizations were working with off-the-shelf machine learning tools from large, 
international technology companies and a number of organizations were using machine learning to mine 
farmer responses on social media.
18 To determine respondent familiarity, a set of five to seven characteristics was drafted for each term.  Depending on the number of these the respondent 
 could identify in an open-ended question, respondent familiarity was noted according to the ordinal categories.
19 This suggests a bias towards overestimating familiarity.
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4.0  Current Realities - AgTech V3.0 in the Kenya context
Kenya is a potential target country that could help accelerate the development of AgTech V3.0 in emerging 
markets. Its data ecosystem is fairly well developed and it is lower middle income, a category of country 
that might generate a faster transition to AgTech V3.0 globally. Therefore it is important to understand the 
context within which that data ecosystem has developed and what players in the ecosystem identify as key 
challenges.
Kenya was chosen for a CGIAR Big Data survey because it is a country in which a great deal of effort and 
resources have been invested in establishing an agricultural data system. In terms of AgTech V2.0: Kenya 
has a range of start-ups operating in most categories of service activities -- which are identified in Section 3. 
It also has the largest number of farmers in Sub-Saharan Africa registered with these types of services and 
also is the headquarters for many organizations responsible for rolling out these types of services.
4.1 Farming in Kenya – Mixed improvements and aging farmers 
There are between four and nine million smallholder farmers in Kenya. The estimates range widely 
because there is no basic data on the number of farmers;20 however, only around 0.5 million farmers 
produce the majority of Kenya’s food and these farmers are geographically concentrated in the Rift Valley 
and Central Highlands. 
In agricultural terms, Kenya has everything from small plots to much larger export-orientated farms 
growing crops such as coffee, tea, beans, and cut flowers. Agriculture contributes around a third of Kenya’s 
GDP and 65% of its export earnings, making it important for the country.
A great deal of support from both government organizations and international donors is given to the 
country’s smallholder farmers to both improve their productivity levels and their livelihoods. Food in 
Kenya is expensive to produce and get to market21 and obtaining it consumes a high proportion of local 
20 Industry source.
21 ““When you buy a mango on a farm (in Kenya), it’s half a penny and then in the supermarket it’s 80 cents…Before, providers were managing individual 
trucking companies with a difficult marketplace and no transparency. … By driving (transparency) through our system and having more pricing visibility we’re 
able to bring down the cost of bringing bulk grains to Uganda by 17.3 percent.” Josh Sandler (who worked with the Kenyan Government on supply chains), 
Founder, Lori Systems, Tech Crunch, September 2018 https://techcrunch.com/2018/09/06/lori-systems-is-launching-a-service-with-the-kenyan-government-
for-last-mile-haulage-from-railroads/
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household budgets. Nevertheless, throughout the last decade, agriculture productivity levels have been, 
at best, mixed.
Many smallholder farmers are aging (65+) and have limited literacy, particularly in English. There is constant 
discussion in the local media about whether people from younger generations will take their place. 
Although there is no survey data on this issue from Kenya, a survey of school-age children from both urban 
and rural areas in neighboring Tanzania found that only 2% wanted to become farmers. The question of 
how farmers might increase both their productivity and profitability is of fundamental importance, both 
socially and economically.
4.2  Kenyans’ access to technology – a wide spread, but thin use
Kenya is one of the most technologically advanced countries in Sub-Saharan Africa. There are 11.8 million 
smartphone users,22 for example, and an extensive fiber network connecting different parts of the 
country. In 2017, 85% of the population was covered by 3G data service access and almost a third of the 
population now has 4G data service access.23 
WhatsApp and Facebook each have around 7 million users in Kenya.24 Farmers use both platforms for 
information sharing and making sales. The scale of information sharing can best be illustrated by the 
activity of Kenyan dairy farmers on Facebook. The Dairy Farming Kenya group has 264,000 followers and 
the Kenya Dairy Farmers Forum had 40,000 followers as of November 2018. Also, there are now 30,000 
mobile apps delivering different types of content and services in Swahili.25
FIGURE 5. Interview quote from an Agriculture NGO (left) and Kenyan AgTech start-up (right)
22 43% of 15+ population. Digital 2019 – Kenya, Hootsuite/We are Social Estimated 15+ population 2018 27.59 million Source: PopulationPyramid.net 
23 Jumia Mobile Report 2019: https://www.jumia.co.ke/mobile-report/
24 Of internet users, WhatsApp 82% and Facebook 80%. Digital 2019 – Kenya, Hootsuite
25 CGIAR Big Data Coordination Platform - Leveraging CGIAR data: Bringing big data to agriculture, and agriculture to big data, March 2016
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However, metrics such as total smartphone penetration can be misleading since not all users are using 
much data.  According to Safaricom,26 the largest mobile operator in Kenya it has 17.6 million mobile data 
customers, defined as those who had used data in the last 30 days; however, only 30% of its data capable 
phones are exceeding use of 100 MB or more a month.
However, metrics such as total smartphone penetration can be misleading since not all users are using 
much data.  According to Safaricom,  the largest mobile operator in Kenya it has 17.6 million mobile data 
customers, defined as those who had used data in the last 30 days; however, only 30% of its data capable 
phones are exceeding use of 100 MB or more a month.
Fewer than a quarter of survey respondents identified access to technology and communication issues 
as continuing barriers to Kenyan farmers who may want to use agricultural data. Specific issues raised 
included a combination of a lack of both reading and technology literacy; the high cost of mobile data 
access; lack of affordable smartphones; and the poor quality of data coverage or complete absence of 
coverage in rural areas.
BOX 4: CHALLENGE: WHO’S CURRENTLY USING CGIAR DATA IN KENYA?
Survey respondents were asked whether they had or were currently using CGIAR data. In all cases, the 
researchers went through the names of members of the CGIAR network with the respondents to ensure 
none were missed. A little more than a quarter of respondents had used or were using CGIAR 
data and three-quarters were not. 
Those who had used CGIAR data were asked about the data they had used. Three categories of information 
were being used currently by more than one organization: livestock data, crop distribution and heat maps. 
Respondents had a fairly low recall of the actual organization supplying the data: CYMMT (4); CIAT (3); and 
ICRISAT and ILRI (2 each). The specific data used included household data; farm enterprise data; climate 
change adoption data; satellite imagery; livestock data; maize maps; data on seeds and productivity from 
the farm level; soil data; crop distribution; artificial insemination; the value chain for beans; and various 
types of other data. 
A number of respondents said CGIAR was not good at communicating what research it has and what it 
means. Other respondents found its network members difficult to engage with on data use issues.
26 Half Year 2019 results presentation, Safaricom: https://www.safaricom.co.ke/investor-relation/financials/interim-results/interim-results-presentation
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4. 3 Kenyan farmers’ attitudes to agricultural data –  
 how they access it and what they want
Kenyan farmers remain quite traditional in their approach to how they obtain and use data. A 900-farmer 
survey by GeoPoll, which was presented at the 2018 Big Data Convention in Nairobi,  looked at the wide 
age spread among those surveyed: 15-24 (32%); 25-34 (34%); and 35+ (33%). The sample skews somewhat 
to  younger than the average smallholder farmer, but this enables us to see potential changes as younger 
farmers start entering the labor market. 41% cultivated crops; 11% looked after livestock; and 48% were 
engaged in both types of work.
Farmers got their information through the following channels, in descending order: radio; other farmers; 
TV; social media; agricultural officers; and mobile apps. Across all age ranges, digital channels fared worse 
than traditional media.
The focus group (carried out alongside the CGIAR survey), drawn from across the agricultural data 
ecosystem in Kenya we talked to in 2018, were quick to point out that being in the vanguard of digital 
change in agriculture raises as many challenges as it solves. Despite the availability of more agricultural 
data in Kenya, it is still impossible to answer simple questions such as how many farmers there are, where 
they are, and how much land they are cultivating.
There is a great deal of fragmented, one-off data produced by a wide range of international donor agencies, 
often without any co-ordination between the data gatherers. But the most rudimentary data is missing. 
There is not, for example, a regularly updated baseline for the size of the sector, the volume of crops grown 
or livestock reared.
FIGURE 6. Interview quote from an international aid agency
The biggest criticism of agricultural data from almost all the survey respondents was that there 
is a mismatch between the data generated and its usefulness to the farmers who are its end users. A 
constant refrain was that the information was not immediately actionable. Another criticism was that 
We need parameters  
on fields by satellite.  
What’s out there? Farmers 
consistently self-report 
twice as much land as they 
have. Data reliability needs  
to improve.
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FIGURE 7. CGIAR Survey Results 2018 – Farmer data issues
Overall, respondents said that farmers needed data that was both local for them in their area and time-
critical.  An example of such time-sensitive data might be information telling farmers that rain is actually 
on its way. The need for highly local data was echoed by those institutional data users who said they were 
struggling to understand what was really happening at individual plot level.
27 One respondent said that farmers were unused to using multiple data inputs and needed education to be able to do so and to “change the mindset of 
 farmers.”
28 According to 2014 data from UNESCO, the overall literacy rate in Kenya was 74.01%: male literacy was 83.78% and female literacy 78.73%, but rates are 
 undoubtedly significantly lower in rural areas.
farmers were not accustomed to using data when they were farming and they said they were more likely 
to rely on advice from other local farmers, a finding echoed by the GeoPoll survey results.27 Literacy28 
 and languages were a key challenge. There are, according to Ethnologue, nearly 70 languages spoken by 
Kenyans.
The percentage of respondents to three key issues -- the lack of farmer level data; issues with access to data; 
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Those who needed data had quite complex requirements for the new types of data they would like, which 
can be separated into three broad subject areas: weather to help address climate adaption, crop starts, and 
other issues; market access and prices; and basic farmer data. The complexity of these data needs can be 
seen in Fig. 9. 
FIGURE 8. Interview quote from a Kenyan poultry farmer (left) and Kenyan seed company (right)
Institutional users – like donors – have requirements that differ from those of farmers, who are more 
interested in what is happening to their plot and those of their neighbors rather than the overall state of 
agriculture in the country. Donors need to track their impact, but farmers need to find different means to 
earn more money. To meet these needs nearly always requires different data points to be gathered.
FIGURE 9. CGIAR Survey Results 2018 – Data needs
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4.4. Kenya’s AgTech Start-Ups and funders–  
Issues of fragmentation and distrust in sharing
Kenya is a hub for start-ups and investment in them. The mobile trade body, the GSMA, published a report29 
on the mobile economy in Sub-Saharan Africa in which and it identified 27 start-ups that had received 
US$147 million in 2017. In terms of investment received, Kenya was second only to South Africa.
Many of these Kenyan start-ups and other related NGOs are addressing challenges in the food system and a 
significant number of them were surveyed as part of this research including Acre Africa, Acumen East Africa, 
Agrimech, Arifu, Annona, Cellulant (Agricore), Data Science, Feed Box, Farm.Ink, Geo.Appsmith, Grandeur 
Africa, Klurdy, Mwaloni, Precision Agriculture, RippleNami, SunCulture, Taimba, Twiga Foods, Tulaa, VACID, 
UljuziKilimo, Virtual City, and Wefarm. 
Some of these start-ups, such as mSurvey (which rebranded as Ajua), are used to collect agricultural data. 
Clearly, there is no shortage of innovative organizations in Kenya both collecting and using agricultural data.
In addition, the largest of Kenya’s mobile operators, Safaricom, runs a platform aimed at farmers called 
DigiFarm. It has partnered with Arifu, iProcure and Mercy Corps’ Agrifin Project, among other organizations. 
It aims to get a million farmers on its platform. The country also has a successful radio and TV edutainment 
company called Mediae that produces Shamba30 Shape Up, a program about small plot farming that is 
among the top five most viewed television programs in the country.
With so many small organizations competing for both grant funding and private investment, it is hardly 
surprising that it is difficult for organizations to share data. 
Often funders did not encourage data sharing and the introduction of GDPR31 (mentioned many times) 
has made organizations a great deal more cautious about sharing. Also, as previously mentioned, there is a 
considerable amount of duplication amongst those commissioning data which wastes resources.  Some of 
the issues are highlighted in Fig. 10.
FIGURE 10. CGIAR Survey Results 2018 – What data is used and shared?
29 https://www.gsma.com/subsaharanafrica/resources/the-mobile-economy-2017
30 A farm plot.
31 The General Data Protection Regulation (EU) 2016/679 (GDPR) is a regulation in EU law on data protection and privacy in the European Union (EU) and 
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FIGURE 11. Interview quotes from a multinational ICT  company (left) and an NGO fintech project (right)
With data (services) 
platforms (for farmers and 
others) there’s so much 
interest in controlling 
the platform that there’s 
no clear pathway to data 
sharing, management and 
manipulation.
Everybody’s doing 
something and there’s 
no co-ordinated effort. 
You don’t see strong 
ownership from a large 
player. There needs to 
be a stronger look at an 
ecosystem play.
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At the heart of the issues respondents raised is the need to for an effective and sustainable agricultural data 
ecosystem, but there appears to be no widely agreed definition of what constitutes an Agtech V3.0 data 
ecosystem, despite this definition being central to whether Agtech V3.0 can succeed. Still, there are at least 
five sets of questions to consider for this ecosystem and for those who want to support the creation of such 
a data ecosystem: 
32 In this context, the Kenyan Government faces a number of challenges including the absence of relevant, new data collection skills and a lack of funding.
What is needed for the ecosystem to function?  
Who will pay for data? 
How to make data cost effective?
How to manage recurring challenges?
How do you create enough trust to share data? 
What is needed for the ecosystem to function?  
For a AgTech V3.0 data ecosystem to function there needs to be both buyers and sellers of data or someone 
to pay for the creation and distribution of data. At present, there are organizations such as CGIAR that have 
data, but which are not always connected with potential users (See Box 3). There are funded NGOs that 
are generating one-off data, but, again, that data is not always widely used or distributed. In many cases, 
the government is unable to generate baseline data32 such as how many farmers there are, where they are 
farming, and what their output is.
Companies such as Google and Apple need to buy mapping and satellite layers from other companies to 
create their navigation map products. Both companies generate revenue to pay for purchasing these map 
layers through consumer advertising based on mass use of their products, which are free at the point of 
delivery to product users. The companies providing the mapping and satellite layers have a number of 
other customers including, for example, GPS navigation system companies and oil and mineral exploration 
companies. But, to a large extent most in the Kenyan ecosystem cannot access these data vendors.
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NGOs and start-ups providing services to farmers need to be able to buy data packages that will be useful 
to smallholder farmers. In addition, some companies in the ecosystem (or government) need to be able to 
gather a sufficient amount of data from farmers to be able to understand how many there are, what land 
they are cultivating, and their output. 
Along with these broad categories of data needs, there is an increasing need for much more detailed 
information to take farm goods to market, such as where crops or animals have been sourced from and 
whether crops or animals are organically grown. 
Everyone in the agricultural food system – including input sellers, transport and warehousing companies, 
markets, retailers (both formal and informal), agribiz companies, banks, insurers, donors and governments 
– need much more information about those things that affect their business. The uncertainties of climate 
change only sharpen the need for effective data feedback systems.
Few individual companies or governments will be able to generate these types of data, much less in real 
time, by themselves. They will need to come together to find ways of creating trusted providers or groups 
of users.
The data ecosystem needs investors that will put money into developing services and the infrastructure 
required to collect data. This might include collecting data from weather stations, national farm data, and 
soil testing profiles using IoT. Some of this investment will be from the public sector, but funding for the 
other components needed to create a more comprehensive system will almost certainly have to come 
from the private sector.33
The needs of an agricultural data ecosystem can be further described by trying to envisage how things 
might look in five to 10 years’ time. There would be both NGOs and start-ups supplying data that smallholder 
farmers will find sufficiently useful to pay for it, provided they have the ability to do so. Many of the start-ups 
would have progressed to surviving without grant funding. There would be more ambitious private sector 
players, such as aWhere and Gro Intelligence, and there might be more people leaving agricultural research 
organizations to commercialize data who understand the value of the research being conducted.
Peeking over this 10-year horizon for the evolution of AgTech V3.0, CGIAR and international donors will 
have built long-term relationships with private sector partners where their values and interests increasingly 
overlap, allowing each to understand each other better.34 Within this time span, they will have piloted and 
created  -- with governments and agricultural organizations -- a long-term funding stream for the creation 
of sector baseline data. The issue not whether there is money in the ecosystem – there is, and much of it 
comes from international donors --, but how the funding is used and whether it is being used to incentivize 
the construction of a functioning data ecosystem. In the Kenya survey, respondents were asked how much 
money they spent on gathering data. The smaller organizations tended to spend less on gathering data 
and the majority of those respondents who said their organization spent more than USD$50,000 on data 
gathering were most often working in large, international organizations. For many respondents, it was 
difficult to disentangle how much money was spent gathering data as it was not budgeted as a separate 
item and it might involve a considerable amount of indirect, internal costs. 
5.2 Who will pay for data? 
So who will pay for data? There are four potential customers: international donors (and/or governments) 
that are making a significant contribution to funding current data generation; private companies wanting 
to increase their operational efficiency; commercially successful small start-ups that survive beyond 
33 This article about Argentina provides a good description of an overall AgTech ecosystem, within which the data ecosystem fits: 
 https://agfundernews.com/how-argentina-is-creating-an-agtech-startup-ecosystem.html
34 The trend for there to be more public-private overlaps in most areas of international development over the last 20 years has been and will continue to 
 increase in the future.
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successive grant funding cycles or investment rounds, of which there is currently a very small pool; and the 
farmers themselves.
Although there is some evidence that farmers will sign up for a paid service, the evidence that they will 
actually do so is far from clear cut. A number of AgTech projects have, therefore, sought sponsorship to 
provide data services for free. As the CGIAR Kenya survey demonstrates, farmers do not yet have access to 
the kinds of data that would convince them to spend money on it.
Gathering and disseminating agricultural data costs money and it needs to be paid for. The challenge is 
that – as the Kenya survey shows - there are complex and nuanced data needs. There is not a single type 
of data customer. The data farmers need or want and might pay for is often very different than the data 
government organizations or research institutes might want. 
Those selling inputs, such as fertilizer companies, are willing to pay to gain access to farmers through 
advertising on and sponsorship of farmer data services, but these revenues alone have not yet proved 
enough to pay for all the service costs. Banks and insurers will pay for credit profiling and actuarial 
information because it benefits their business and extends its reach to new farmer customers. 
Agribiz companies and traders will pay for satellite data to help predict crop outcomes. Government often 
pays for data to assess policy choices, but financially strapped governments are less likely to pay for data. In 
the absence of a market imperative or a financially capable government, donors step in to provide “public 
good” information.
There are at least four different, broad business models for gathering and disseminating data. Farmers can 
buy data at a low price and those selling it can aim to have hundreds of thousands or millions of subscribers 
to take advantage of the economies of scale, ensuring that the business model makes financial sense. This 
is a low price, high user number business model. Private sector data providers could, for example, offer data 
that is expensive to gather, such as that from satellites; however, to succeed, they need a relatively small 
number of customers for this high price, low number of users business model. A number of companies 
and organizations share a common interest in having certain kinds of data, but are not able to source it by 
themselves. A good example is that of the broadcast industry, in which both advertisers and broadcasters 
need trusted audience information to operate effectively. In many different countries these parties come 
together to create subscription-funded organizations that act as trusted providers to those who subscribe.35 
This creates “high-value,” proprietary data that can only be obtained by those willing to pay for it.
Some data ecosystems have been created by a combination of public and private players. One example is 
found in transport data ecosystems, in which public and private providers share bus and train time information 
with users; then, a common platform can use the same information for internal management.36 In terms of 
food security, the African Regional Data Cube37 is a trusted aggregator of satellite and observation38 data.39
Government can also pay for particular kinds of “public good” or “market shortfall” data. This allows it 
to provide data that is either “free-at-the-point of delivery” or which can be shared with specialist users 
for a fee. Open access data extends this process and assumes that government will make available key 
datasets that will allow external parties to make use of it. That is, those third-party organizations will be able 
to undertake projects or initiatives government agencies cannot do or are unwilling to do. The previous 
example of transport data ecosystems is one such type of project.
35 Private sector companies often come together to create no-profit/low-profit structures to help increase business efficiencies in different industries: 
 a few examples would include interbank settlement systems, joint venture oil pipelines, international fiber communications cables, and airline booking 
 systems.
36 Used in apps like City Mapper and Google Maps.
37 Now called Digital Earth Africa.
38 Includes monitoring shorelines and deforestation and detecting damaging illegal activity.
39 The Regional Africa Data Cube was developed by the Committee on Earth Observation Satellites (CEOS) in partnership with the Group on Earth Observations, 
 Amazon Web Services, Strathmore University in Kenya, Office of the Deputy President - Kenya, and the Global Partnership for Sustainable Development 
 Data.
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Open access data is freely available to anyone to use, but it does not necessarily solve the problem of who 
pays for the data. Proprietary (closed) data addresses the issue of how data will be paid for, but does not 
resolve how those who need data, but can’t afford it, get their hands on it.
Whatever business models are adopted, it is clear that there need to be discussions that will clarify those 
approaches that are adopted, particularly in those situations in which trusted providers need to be created.
It is unlikely that there will be a single donor or funder that has the scale of resources required to make 
agricultural data free across all of the world’s poorer countries. The scale of that task is beyond the ability 
of a single organization and the volume of funding required might lead to market distortions in its delivery.
Aside from the practical scale of resources required, there is the issue of responsibility. The most successful 
data ecosystems are run by people and organizations that take responsibility for creating and running the 
processes that give them the data they need.
The financial contributions required to fund data gathering and dissemination in the agricultural ecosystem 
will come from a hybrid of blended sources. Farmers in some countries may be more able to afford a 
useful data service and will, therefore, make a greater contribution to subscribing to such a service. But for 
countries with farmers unable to afford these kinds of services, donors might underwrite them.
In other countries, the private sector might come together with the public sector and donors to create 
a trusted provider system on something like a subscription model. But there is no single model that will 
fit all circumstances. The kinds of industry value chain consortia (like transport and broadcast) described 
above come from specific needs. For agriculture, these might be anything from something useful for those 
growing, buying, and processing a particular crop to data aimed at those distributing inputs to farmers.
Public good data, such as agricultural sector baseline data, must surely be the responsibility of governments 
and international donors. They need to take responsibility for moving from the collection of one-off data 
(used by a small number of organizations) to gathering continuous data that can be widely used.
5.3 How to make data cost effective?
The cost of collecting data is a key issue inhibiting AgTech V3.0 data ecosystem. As a former eSoko 
executive wrote in 2017: “The costs of eSoko’s model for market price collection in some markets were too 
high for the scale that eSoko had achieved at the corporate level. While the subsidiary in Ghana achieved 
profitability, the overall company was still operating at a loss, driven largely by expansion into new markets 
and technologies.”40
The challenge for those in the data ecosystem is to work out how the equivalent of Moore’s Law41 might 
affect the cost of gathering data: in other words, how does the application of technology make data 
collection both exponentially cheaper and faster? Not much information on these types of research costs is 
available, but some examples will give insights into how to make data gathering more cost effective.
At the CGIAR Big Data Convention in Kenya in 2018, Christophe Bocquet, Project Manager, Dalberg 
Insights talked about it costing USD 10 to 15 cents per person to get farmers to self-submit information. A 
representative from a Nigerian agriculture information platform contacted for the data users survey said 
it could do basic registration of farmers at a price of USD 2 cents per farmer. A mobile survey company 
working on the continent can provide 10 question surveys to 1,000 farmers at USD $7 per farmer. One part 
of the CGIAR network estimated that it would need USD $100 to 200 per farmer for much more complex 
40 Why We Broke Up the Company: A Former CEO of M-Agri Pioneer eSoko Explains, Hillary Miller-Wise, CEO.
41 Moore’s Law is a computing term that originated around 1970; the simplified version of this law states that processor speeds, or overall processing 
 power for computers, will double every two years.
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research. Crowdsourced information gathering is an extremely cost effective means by which data can be 
obtained, but it is often difficult to gather a sufficient number of data respondents to make such efforts 
meaningful.
Therefore, the key challenge is to identify how new technologies – whether mobile, crowdsourcing, drones, 
satellites or sensors – will reduce the cost of data collection.
5.4 Managing the recurring challenge
The recurring challenge is how to collect regular, timely data from the very large population of farmers 
whose numbers are often in the millions. A representative sample survey is probably too costly for high 
frequency use (e.g. weekly or daily) and will not provide basic data about, for example, overall geographic 
yield variations.
One promising innovation is the use of Artificial Intelligence and Machine Learning to extrapolate national 
data based on collecting information from a more limited set of geographic points. Dalberg Research’s 
LOCAN database, for example, uses 300,000 “points of interest” across Kenya to create national geo-spatial 
mapping that is generated without always needing to do field work.42 This is just one example of the possible 
routes to improving what can be done cost effectively within the AgTech data ecosystem
However, there is no clear agreement among players over key issues. These include determining what 
organizations are best at producing what kind of data; who has responsibility for key baseline data; on what 
basis the data will be made available; and whether there is enough trust to create shared data services.
Many of the players in the current AgTech V2.0 ecosystem have different business models, but all need to 
have the types of data that CGIAR is beginning to make available. CGIAR seeks to produce data and insights 
that will impact the food system. To do this, it will work with both private and public players and seek to 
foster a sustainable data ecosystem, including working with start-ups and NGOs that can deliver effective 
information to farmers.
5.5 How do you create enough trust to share data? 
In every part of the ecosystem, there needs to be sufficient trust to effectively collect, share, and use data. If 
individual farmers are to be encouraged to supply data about themselves and their operations, they need to 
have enough trust in those collecting the data that they will be provide useful answers. Legal frameworks, 
such as GDPR, create considerable challenges for data gathering and sharing, but also offer opportunities 
if the benefits of gathering and sharing data are properly explained.
Competing startups are often reluctant to share data they have gathered based on the presumption that 
this might erode their competitive advantage.43 The same mistrust often occurs between well-established 
companies in agricultural markets. Farmers are often reluctant to give reliable information to government 
organizations, thinking it might be used against them to assess taxes.
To create trust in these circumstances requires at least two things: an acknowledgement by most of the 
potential parties who will share data that the rewards of creating better, shared data exceed the risks 
involved and a trusted party that will keep the individually contributed data safe and share only aggregated 
datasets in a specific, mutually agreed upon manner.
42 LOCAN presentation, Jasper Grosskurth, Dalberg Research, 29 May 2019.
43 These difficulties were described to us in confidence in relation to one AgTech platform used by several start-up companies.
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Partnerships of this type can transcend the distrust between different private sector partners and “public 
good” partners such as government agencies, research institutes, and donors. One example of this type of 
collaboration was highlighted at CGIAR’s first Big Data Convention in Colombia: Pepsico has a partnership 
with the University of Minnesota’s Supercomputing Institute around crop improvement. 
The lack of vision about how the agricultural data ecosystem might work undermines the ability of the 
different parties involved to trust each other. CGIAR’s role is to position itself as a trusted broker between 
government and donors, agricultural research institutes and the NGOs and start-ups that can deliver data 
to the farmers. With a world faced by the existential twin threats of climate change and feeding a rapidly 
growing population, the task of finding common ground that is in everyone’s collective self-interest grows 
more pressing by the day.
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Management Information Systems (MIS) that preceded these ICT-supported-systems.
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